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THE AMSEC METHODOLOGY

-~ AMSEC (Analytic Methodology for System Evaluation and Control). AMSEC is

comprised of three basic components:,

(1) &Z;—;;;;§;;;;l which develops estimates of system or subsystem
reliability, availability, and cost from real or postulated
data describing the system design, the support parameters,
and the plan for u%fj~\

. .

(2)§;K‘field data transducer routine which accepts data routinely
generated by the Army and converts it to RMAC model input
parameEFr§; and

3) executive routine which directs the RMAC model in a
systematic search for optimal management actions.

AMSEC can provide a rapid assessment of vehicle and subsystem reliability,
availability, and life-cycle support cost under the present framework of
design, support and use parameters: it can search out improved maintenance
plans, or search through alternative product-improvement programs to select
a preferred course of action; it can determine the preferred times for
rebuilding major components of the vehicle, or for buying new, provide
estimates of optimal sparing levels for components, recommend cost-
effective modifications in tactics for use: and it can determine the most
cost-effective route by which to adapt to changing needs imposed by a

shift from peace-time to war-time operations, A
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OVERVIEW OF HANDBOOK

INTRODUCTION

The Analytic Methodology for System Evaluation and Control {AMSEC) was
developed by COBRO scientists for Army use in support of management planning
for major programs.

System planning rests on a framework extending from the eariiest conceptual
thinking to the subsequent thought processes underlying design, development,
test, production, and cperational use. Early ideas, once implemented in the
overall planning process constrain later options as to how system development
can continue. Thus it becomes important to recognize in advance the interrela-
tionship of the myriad parameters bearing on system RMAC, and to assess the way
which these parameters will eventually impact on the operational efficiency and
effectiveness of the system. AMSEC permits such a predictive investigation of
planning alternatives so that growth towards system objectives is accomplished
with less trial and error than would be the case in its absence.

AMSEC uses as figures of merit for a system its reliability, maintainabilit

availability and life-cycle support cost {RMAC). By choosing appropriate defini-
tions for these terms, the methodology can be applied to total systems or to
components; to a 1ifetime profile of plans for use, or to a single specified

mission; to overall effectivcness in meeting design goals, or to performance at
different specified levels of tolerable degradation.




-

AMSEC can accept data which is routinely generated in the development
process. This data may be inaccurate and qualitative in the earliest stages,
and become more precise and quantitative as development proceeds, a. iests are
carried out, and as the system is fielded. The data will describe, to the level
of accuracy possible at a given point in the development, the design configura-
tion, ihe life characteristics and cost of the components making up the system;
the maintenance and logistic support parameters; the mission profile and plan
for use. From such inputs, AMSEC can be used to generate estimates of RMAC
based on particular combination(s) of parameter values; to break these estimates
down by system, subsystem, or component as desired, or by failure category and/or
chargeability criteria; to examine the effect on RMAC of alternative changes in
the way the system is designed, supported, and used; and to selectively identify
that combination of changes which forecast the most improvement in system effec-
tiveness and/or in cost reduction.

The development of AMSEC to its present computerized status has required
many man-years of senior mathematical, engineering and computer programming talent
It has been applied successfully to a wide range of Army systems (e.g., the CH-47,
UTTAS, and AH-1G helicopters and advanced scout helicopters; the M60-A2 tank,
the Gama Goat vehicle, and others) at differing stages of development, in the
soluticn of different planning problems.

To provide a realistic representation of system behavior under use conditions
the underlying mathematics for AMSEC is necessarily quite complex. A maior effort
has been made to keep “he operational use of the methodology as simple as poss-
ible. However, the range of management problems to which AMSEC is applicable
spans the entire cycle of systems development and use, and specifically includes
all decisions which impact on R, M, A, or C. Table 1 identifies some of the more
important of these problem areas. This wide range of management interests, each
requiring a different procedure in the use of AMSEC or a different interpretation
of its output has necessitated the development of a User's Manual. The purpose
of such a manual is to provide each of a wide range of users with a set of defin-
tive procedures which will allow him to direct the methodology to support effec-
tive dialogue with other disciplines and to arrive at solutions to specific
problems under his cognizance.

2 Rev. 9/7/76



TABLE I

MAJOR AREASI/ OF MANAGEMENT INTEREST
RELATED TO RMAC

CONCEPT STAGE

1. Definition of system operating requirements
2. Definition of component 1ife goals
3. Defirition o mission R/A goals
4. Design approach to function implementation
5. Developer/user dialogue .
6. RMAC trade-offs

DESIGN AND DEVELOPMENT STAGE

1. Definition of configuration/packaging logic
2. Preliminary maintenance plan
3. Prediction of in-use RMAC, spares
4. Assessment of design detail alternatives
5. Selection between competing vendors
6. System configuration for mission readiness, reliability, safety
7. Reliability/readiness status reports.
TEST STAGE
1. Designation of success/failure criteria
2. Definition of tests for components, system
3. Evaluation of test results, updates RMACS estimates
4. Development of maintenance strategy
5. Allocation of maintenance budget
6. Evaluation of use of condition monitoring, on-condition maintenance
7. Assessment of RAM and cost consequences of component failure by mode.

OPERATIONAL USE STAGE

£ W N -~

Assessment, projection and reporting of RMAC status
Selection of operatina tactics

Evaluation of ECP's

Selection of optimal Level of Repair (LOR) distribution

T

iy The breakdown shows the development stage during which the problems identifiec
are usually given major management attention. Obviously management concern
with a given problem type transcends any arbitrary time schedule; for example
the RMAC system evaluation is an important consideration at all stages.

3 Rev. 9/7/76
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DEFINITION OF TERMS

The value of the AMSEC output products depends upon the degree of sophistic-
ation with which the user is able to define his problem and to organize his input
information. The "lancuage" of reliability analysis, in which the methodology is
couched, has become quite specialized, and it is important that the user understa
the significance of the input/output parameters. To this end, a glossary of termw
is provided, in Appendix A to this Handbook. The user is referred to this glossa
and familiarity with the terms presented therein is assumed throughout the Manual
Terms included in the glossary are underlined when then are initially used in the
text in each chapter.

STRUCTURE AND OVERALL USE QF AMSEC

The use of AMSEC as a management evaluation and planning device is shown
schematically in Figure 1. There are three basic components comprising the
methodology:

1. The AMSEC Field Data Transducer accepts raw field

data in the torm generated by the Army and develops
the component 1ife and performance parameters as
required by the evaluation model.

2. The AMSEC RMAC Evaluation Model accepts the para-

meters developed by the transducer, plus other

parameters bearing on plan-for-use and component
cost, and develops estimates of system and component
RMAC.

3. The AMSEC Executive Routine consists of a screen-

ing and search logic for converging systematically
on optimal management actions concerned with RMAC.

The first problem facing the user is therefore the determination of the
necessary input parameters. These parameters are generated in three different
sources which are organizationally distinct in the Army; the basic relevant data
bearing on RMAC, and their sources, are jdentified in Figure 2. Thus AMSEC will
in principle serve to integrate diverse elements of information across organiza-
tional Tines, and to provide a basis for dialogue.
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Plan for use ¢ Mission definition
(operations) e Mission frequency
e Mission readiness criteria
e Mission success criteria
Hardware ¢ System functional configuration
characteristics ¢ Component aging mechanisms
(engineering) e Subsystem/component FMEAs
¢ Subsystem/component maintainability
measures
e Subsystem/component acquisition
costs: (a) new, (b) overhaul
Hardware e Cost of material for component
characteristics renewal by mode of failure
(cost)
i Support plan ¢ Component time-to-renew requirements,
definition by mode of failure
(maintenance o Subsystem/compcnent inspection and
logistics) test frequencies
¢ Subsystem/component skill level
requirements
¢ Cost per man hour per skill level
¢ Spares purchase plans
¢ Subsystem/component LOR designation

FIGURE 2. PRIMARY REQUIREMENTS FOR INPUT DATA
FOR AMSEC
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The process of driving out the sensitive parameters from the data routinely
generated by these different Army elements is not a trivial one, but it can be
broken down into a set of defined procedures. The resources available to do this
depend upon the particular parameters in question, upon the stage of develop-
ment at which the probiem is being analyzed, and upon the extent of documentatior
normally generated. For example, consider the parameters describing the aging
characteristics of a component (e.g., the A and B parameters of the Weibull distr
bution). At the earliest stages of conceptual planning and design, the only soli
data available to the analyst is that from measurements on generically similar
equipment. He may be in a position to modify these estimates in the light of his
Judgment of the engineering differences in the new component. The fact remains
that at this stage there is often a considerable uncertainty in the values of the
and B parameters. The analyst may indeed be more concerned in investigating a
range of possible values to determine the consequences parametrically, and to
then direct future development of that component toward the most cost-effective
life characteristics. For such a sensitivity study, of course, a precise know-
ledge of the value of the parameter under study is not needed. However, the best
available value of the other parameters should be used.

As development proceeds, better engineering evidence is usually generated,
e.g., physics-of-failure studies, failure modes, effects and criticality anal-
yses, bench tests, etc. Field testing of the prototype system will provide
still more definitive evidence. And finally, as the system moves into actual
operational use, estimates of A and B can become very precise. At the latter
two stages, the AMSEC data transducer element can be used to develop best esti-
mates of life characteristics directly from recorded field observations.

Operational plans-for-use information is often also somewhat vague in the
early stages of a program, but the preliminary operational requirement document-
ation will usually define a rough mission statement. As the program advances
these mission requirements may be more fully articulated. In a similar way
the support plan parameters are usually stated crudely if at all at the concept
stage, and then are re“ined as the program proceeds.
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After the input parameters have been obtained and entered into the com-
puter, the RMAC evaluation element of AMSEC provides estimate(s) of RMAC and spar
requirements for the snecific combination(s) of parameters which are entered.

A single evaluation, corresponding to a single set of input values, is referred
to as a "point-estimate". Each such estimate provides a multiple RMAC assess-
ment, including values for component, subsystem, and system levels, and a time-
line prediction of future RMAC behavior stemming from the "single-point" input
parameters. Thus the analyst has the option of assessing the values for an
immediate next mission, or of watching the progressive changes in RMAC over time
due to system aging, or of focussing on the asymptotic "steady state" values of
RMAC toward which the system gravitates over time. All of these options stem
from the same input data.

Finally the Executive Routine develops a sequence of such point-estimate
solutions, following a built-in screening and search logic, which provides a
display of sensitivity of RMAC to changes in the underlying variables, and a
procedural convergence on optimal combinations of parameter values as directed
by the analyst.

It should be noted that the use of the three elements of AMSEC to carry out
a particular type of analysis is the same regardless of the stage of development.
However the input data quality may vary greatly with stage of input, as well
as the particular mix of analyses which are of greatest significance to the pro-
gram mapager.

The inherent complexity of AMSEC can be appreciated by referring to Figure 3
showing the logic dependency of the major variables which impact on RMAC. In
the simplest terms, RMAC for a system or for a component depends upon how the
system (component) is designed, how it is supported, and how it is used opera-
tionally. These broad categories can be broken down into primary variables which
must be considered; each of these can be further broken down into the secondary
variables on which they in turn depend, the tertiary variables, etc. For example,
availability for a component depends upon its repair-time distribution, among
other things. Repair time, in turn, is made up of several components, e.qg.,
time *o diagnose, time to remove, time for administrative delays (awaiting
supniies, etc.) and time for corrective repair. Removal time depends in turn
upon. for examole, the skill level of the maintainer, but it also depends upon
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the packaging configuration and accessibility built into the system design.
Further, the importance of component removal/repair time, as it effects avail-

ability, depends upon the operational framework, e.g., the planned utilization
of the component, the allowable downtime, the importance of the component to the
mission and the overall importance of the mission to the Army.

AMSEC provides for explicit entry of all primary elements and most second-
ary elements into the model. Each element is ;ubject to management control and
manipulation, through the dependency links of Figdre 3. Each element, when so
specified has its own characteristic effect on RMA and on cost. If all other
elements were kept fixed it would be a relatively straightforward problem to dete
mine the "best" configuration for a single remaining element, provided the inter-
relationship between it and the figures of merit could be quantified. The objec-
tive in developing an optimal maintenance strategy or in addressing other manage-
ment decisions is to select that combination of parameter values for each element
which, taken together, maximize system RAM within a specified budget--or converse!
minimize cost while achieving a specified level of material R/A/M. To converge or
a cost-effective mix of strategy elements, it is necessary for AMSEC to quantify
the interrelationships shown in Figure 3.

To be useful, the AMSEC model of interrelationships had to meet several
criteria. It had to provide a reasonably close approximation to field use reality
without falling back on simplifying (but unrealistic) assumptions. For example,
it had to recognize the impact of component aging and wearout on the selection of
a maintenance strategy. Similarly, it must recognize the impact of variations in
maintenance strategy upon system safety. Furthermore, it must be capable of
rapid iteration (analytic as opposed to simulation) in order to search efficientl
over a multi-dimensional mathematical surface to find preferred parameter settings
The cost component of the model had to be responsive, particularly to the variable
costs associated with changes in maintenance strategy, i.e., cost of material for
component and part renewal; capital costs for installation of diagnostic and other
support equipment or for design improvements; costs of Tabor (although with a
semi-fixed organization this may not be as sensitive as material costs;) and cost
of failure (e.g., safety, loss of 1ife/equipment, mission failure). Finally, the
model had to be predictive in the sense that it could estimate material condition

and cost for parameter values outside of current practice.
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AMSEC is structured to provide the interrelationships identified in
Figure 3 while subject to these criteria. The heavy lines show the portions
of the total planning problem which have been incorporated in AMSEC at the
time of this publication. The methodology deals with different component fail-
ure modes in a completely realistic way, recognizing wearout, aging and perform-
ance degradation as well as random, catastrophic failures. It provides for a
detailed definition of the design configuration, for difference in support con-
cept and for a complete description of operational tactics. Extensions of AMSEC
to deal with parameters at the tertiary level or below can be handled in modular
fashion; the format of this Manual is loose-leaf to facilitate later update to
the analytic capability of AMSEC.

Much of the AMSEC methodology has been computerized. Certain portions, in
particular the process of obtaining input parameters, and some of the executive
routines, are not yet programmed for computer use. In these cases the correspond
ing manual procedures have been fully documented.

ORGANIZATION LOGIC FOR HANDBOOK

The basic divisions of this Handbook fall along the lines of the three
components of AMSEC, i.e.,

Section I. DEVELOPMENT OF INPUT PARAMETERS, describes

the procedures involved in specifying each of the para-

meter values for input into AMSEC.

Section II. USE OF EVALUATION MODEL sets forth the
computer procedures for generating point estimates of

R, M, A, C and spares for a specified set of input
parameters, and

Section III. APPLICATIONS FOR PLANNING AND DECISIONS
describes procedures and executive routines for iterative

use of the evaluation model to support more complex
decisions.

Within each of these major sections, the subject matter is organized to deal
with differences in specific treatment at different stages of the system develop-
ment/use cycle, i.e.,

Chapter 1: Concept Stage

Chapter 2: Design and Development Stage




Chapter 3: Testing Stage, and
Chapter 4: Operational Use Stage

Finally within each Chapter, the major subdivisions are directed to the
various problem types that are of concern to management during the specific
stage of development. Each problem is viewed from the standpoint of several
different users.

a.

A Description of the Problem is provided which

serves to identify the particular area:of interest
under consideration. This section is directed
toward program management, and provides an over-
view of (a) the problems of parameter estimation
which are important to program control, and

(b) the decision and evaluation areas in which he
can expect support from AMSEC.

An Analysis Procedure is presented which is directed
toward the systems analyst. This describes the
step-by-step procedures to be followed in applying
AMSEC to the problem at hand and provides
illustrative example(s) where these would be useful.

A Computer Programming Summary is set forth, with
an Appendix, where necessary, which cross-
references for the benefit of the programmer the
source documentation which is available.

The organization of the Handbook is thus characterized by the following

morphology:

SECTION: AMSEC COMPONENT

CHAPTER: STAGE OF SYSTEM DEVELOPMENT

Subchapter: Problem Type
Problem Description

Analysis Procedure

Computer Programming Summary
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In order to accommodate each of a wide variety of users and interests,
an effort has been made to keep each portion of the Handbook complete in
itself. Since some of the procedures and examples are applicable at all stages
of development, this approach has led to a certain amount of redundancy; how-
ever, the gain in clarity and simplicity of exposition for a reader interested
in a single problem description, and the avoidance of unnecessary cross-
references, were felt to justify this repetition.

13




SECTION I

DEVELOPMENT OF INPUT PARAMETERS
INTRODUCTION

The input parameters required for the operation of AMSEC are shown for
reference in Table I.1. Full definitions are set forth in the Glossary of Terms,
Appendix A.

The approach to the problem of specifying parameter values for a given AMSEC
run is different depending upon whether a point-estimate of the parameter is re-
quired, or simply an operating range of values for purposes of a sensitivity
analysis. In both cases, the sources of available information and the specific
data collection and processing steps may differ depending on the stage of develop-
ment during which the data are required.

The following pages describe the estimation process in each case.

14




TABLE I.1
INPUT PARAMETERS USED IN AMSEC METHODOLOGY

SYSTEM CONFIGURATION

Number of components in equipment (nk)
Number of equipments in system (N) ~
Number required for equipment readiness (xk)
Number required for mission success (x'kf_—

COMPONENT LIFE CHARACTERISTICS

Number of mission failure modes (for kth

comporent) (mk)
Number of failure stages for each mode, Sk j

Survival distribution (curve) for each stage, S‘k,j

COMPONENT MAINTAINABILITY/MAINTENANCE/SERVICE

Probability of handling error (1-8k) (constant)

Renewal distribution (curve) (yy,(t)) (preventive, initiation of action)

Renewal distribution (curve) (yp(t)) (preventive, maintenance time after
initiation)

Non-renewal distribution (curve) (8k(t))

Renewal distribution (curve) (ak(rss—zzbrrective)

Service frequency (fg)

Man hours per service (hgg)

Man hours per pm renewal (hi])

Man hours per Fandling/Transportation (H/T) mishap (hy2)
Man hours per mission failure (hy3) -

LOGISTIC SUPPORT

Component rebuild cycle (R¢)

Component protection level (spares) (Qg)

Number of systems to be supported (h)

Number of spares of the kth component/ecuipment on hand, wk
Lead time for spares requisition (T) e _

OPERATIONAL USE

2
L
L4

Number of missions (v)
Mission time (t)
Time between missions ()

Component utilization factor (ok)
th

Faflure mode criticality factor for k" component Cy ¢

1
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TABLE 1.1 (Cont)

COST BASIS

Cost ($)
Cost ($)
Cost ($)
Cost per
Material
Material
Material
Material
Cost ($)
Cost ($)

per service man hour (Cko)

per PM man hour (Ck])

per CM man hour (Ckz) for handling/transportation failure
man hour for CM by failure mode (ck3,m)

cost ($) per service (C'ko)

cost ($) per PM renewal (C' )

cost ($) per CM renewal (C'kz) for handling/transportation
cost ($) per CM by failure mode.

unavailability (Cﬁ)

unreliability (Cﬁ)

16 Rev. 9/7/76
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CHAPTER 1
INPUT PARAMETERS--CONCEPT STAGE

INTRODUCTION

At the concept stage of development, and even in the early design stage,
the system is only roughly defined; the effect of some parameters may not yet
be.recognized or understood, and all parameters are subject to change as
development proceeds and better information becomes available. No system-
specific tests have been carried out, and the only firm information about the
system is in the form of preliminary requirements and specifications. Corollary
data may, however be available for generically similar systems or components
which have already been designed, tested and operated.

Operational and support plans are also likely to be poorly defined, usually
based on a set of "requirements”" which are admittedly planning values and which
may even be internally inconsistent.

Procedures for parameter estimation at the concept stage provide for the
preparation of a check-list of available sources of information, a formalized
routine for extracting the best data possible from those sources, and the establish-
ment of criterja for ranking the quality of the data.

It is important to recognize that the process of parameter estimation at
the ccncept stage estaszlishes target values which are considered reasonable.
The interrelating of these estimates into an RMAC sensitivity analysis during
concept can be of major value, since the analyst usually has much greater
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flexibility in selecting parameter values to obtain the most cost-effective
combination. The analysis at this stage serve to aim the overall development
program in the general direction of optimality, so that early gross errors can
be avoided and future refinements in program thrust can be more readily made as
new information becomes available.

18
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DETERMINATION CF SYSTEM CONFIGURATION PARAMETERS: POINT VALUES

Problem Description

The problem facing the analyst is to obtain the most accurate possible
statement of each of the system configuration parameters, based on the totality
of available information. The sources of data available at this stage of
development are quite 1imited. They may include any or all of the following:

Documentation of system operating requirements.
Engineering or Project Management (PM) studies
of conceptual approaches--e.g., component
packaging and support schemes; reliability
block diagrams; component life parameters.

) Preliminary cost information.
Documentation on generically related systems.

° Contemporary engineering judgment.

The specific subsystems which are required for a mission and the amount of
redundancy depends both on the complexity and rigor of the mission and on the
interest which the analyst has in achieving maximum performance, or in compromis-
ing on lower levels of performance, and on the emphasis of safety.

A structured survey of the available sources, and an objective synthesis
of the data contained therein, will provide a current "best estimate" of the
configuration parameters, N, EK’.EK’ andlilk for each type of mission assignment,

and will define the interrelated reliability logic for all components comprising the
system.

Analysis Procedure

1. Obtain existing documentation of system from system proponent,
TRADCC and/or from the cognizant PM as available.
2. Obtain documentation on related systems from
apprepriate PM and/or from operating Army
agencies.
3. Obtain results of any conceptual or pre-design
studies from PM.
4. Brinc forward mission requirements and perform-
ance thresholds of interest from analysis of
operztional Jarameters (see page 34).

19
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5. Conduct engineering discussions with cognizant
PM engineers. Factors to be considered in
engineering discussions of the configuration
parameters include constraints imposed on R,M,A
or C; space and weight constraints; failure
modes, effec:s and criticality.

6. Prepare matrix of sources vs. configuration data
elements, and enter estimates for maximum capa-
bility missions; prepare a similar matrix for
reduced capability missions and for safety (see
illustrative Figure I.1).

7.. Prepare estimates of priority to be assidned to
the different sources, and enter on work-sheet.

8. Enter selected value of each parameter in right
column. This will normally be the value
corresponding to the highest priority source.
If another value is used enter reason for such
selection as exhibit.

Computer Programming Summary

None required.

S s

s
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PM Related Engineer Selected
TRADOC Study Systems Estimate Other MNominal Value

Priority-»
Subsystem:
1 n
X
xl
"Triority-o
Subsystem:
2 n
X
xl
~Priority-»
Subsystem:
3 n
X
xl
Priority -
Subsystem:
N n
X
xl

Tc be completed for maximum capability missions, reduced
capability missions, and safety, as specified by analysis
criteria.

FIGURE I.1. WORKSHEET FOR DETERMINATION OF SYSTEM
CONFIGURATION PARAMETERS
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DETERMINATION OF SYSTEM CONFIGURATION PARAMETERS: RANGE OF VALUES

Problem Description

For purposes of a sensitivity analysis of a given variable, it is necessary

-y

to identify a range of values of interest, over which the variable could be
tentatively assigned for investigation, without exceeding the bounds of feasi-
bility. The sources of data available are essentially the same as those for the
determination of point-values.

Analysis Procedure

1. Determine specific configuration variable(s)
which are of concern to management for sensitivity
study and optimization. Where necessary, confirm
this selection with the cognizant PM.
{ 2. Prepare preliminary definition of ranges of
interest for each variable. Where the limits of
practical interest are not obvious, the rule of

thumb for analysis is to select a range which is
too large rather than too small. Where necessary,
obtain engineering gquidance on the selection.
Factors to be considered as bearing on practicality
of parameter values are basically the same as for
point estimates--i.e., weight and space constraints,
system R,M,A,C requirements.

Computer Programming Summary

None required.
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DETERMINATION OF COMPONENT LIFE CHARACTERISTIC PARAMETERS: POINT VALUES

Problem Description

In its operational 1ife a component is subjected to various operational
and environmental stresses which may, singly or in combination, degrade the
ability of the component to perform until that abjlity falls below an acceptable
threshold. At that time the component is said to have failed. The dominant
stresses which must be considered include, e.g., operating overload; calendar
time; operating time, operating miles, or rounds, and such environmental stresses
as temperature and humidity. If one assumes that the system is properly used,
the prevailing functional arguments for failure usually relate to the duration
of the operational hazards. Failure of the component may occur in any of several
modes, e.g., breaks or open circuits, excessive wear, jamming, etc.

The T1ife characteristics of a component can be expressed in terms of the
probability distribution for surviving each mode of failure, as a function of
the extent of exposure to the dominant hazard(s). AMSEC provides for considera-
tion of either one or two "stages" of hazard exposure within a failure mode.
As an example, the first stage may represent the operating hours until initiation
of a new major hazard, and the second stage may represent the duration of that
hazard before failure. The first stage event may be (e.g.) the initial pitting
of a bearing, and may be exponentially (randomly) distributed; this triggers a
second stage wearout mechanism, which could be represented by a Weibull distribu-
tion, and which leads to bearing failure at the end of that stage, in the mode
which was triggered.

AMSEC accepts as input the failure law for a component by mode and stage
either, expressed as a two parameter Weibull distribution, or described by a
curve composed of end-to-end linear segments drawn from empirical data or
hypothetical reasoning. It is obvious that the linear segment curve input
requires as many point (XY) pairs as there are segments. For the Weibull, two
parameters are necessary. For each stage and mode, AMSEC will permit the para-
meters of location and shape to be input directly, or alternatively permit
estimates of the MTBF and the probability that the component will survive one-
half the MTBF to be inserted.

23
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At the concept stage, the data available to the analyst depends upon
whether the component is a new design or is "off-the-shelf." The problem is
to investigate all possible sources of life data and deVelop'a best estimate

of the parameters characterizing the distribution.

Analysis Procedure

1.

For the component under investigation, determine

if it is a new design or is "off-the-shelf."

(a) If off-the-shelf, investigate availability of
design studies or test and/or operational data.

If available, follow procedures for appropriate

stage of development as set forth on later pages.

(b) If not off the shelf, or if sufficient data

not available, proceed to Step 3 below.

Obtain existing documentation on component 1life
requirements and/or estimates from TRADOC and

the cognizant PM.

Conduct engineering discussions with cognizant

PM engineers. These discussions should be structured,
first to bracket the parameter value in question,

for each failure mode, then to narrow the bracket as
much as possible. Factors to be considered include
any knowledge of catastrophic failure and aging
mechanisms, orobable stress conditions when in use,
and the level of performance below which the
éomponent will be defined as having failed.

Prepare matrix of sources vs. life characteristics
estimates by mode, and enter estimates (see Figure I.2).
Prepare estimates of priority to be assigned to
different sources, and enter on worksheet.

Enter selected value of each parameter in right
column. This will normally be the value correspond-
ing “o the highest priority source. If another value
is used enter reason for such selection as an exhibit.

Computer Programming Summary

None required.
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DETERMINATION OF COMPONENT LIFE CHARACTERISTIC PARAMETERS: RANGE OF VALUES

Problem Description

For purposes of a sensitivity analysis of a given variable, it is necessary
to identify a range of values of interest, over which the variable could be
tentatively assigned for investigation, without exceeding the bounds of feasi-

bility.

The sources of data available are essentially the same as those for the

determination of point values.

Analysis Procedure

1.

Determine the specific 1ife/mode variables which
are of concern to management for sensitivity
study and optimization. Where necessary, confirm
this selection with the cognizant PM.

Establish preliminary definition of ranges of
interest for each life/mode parameter of interest.
Where the 1imits of practical interest are not
obvious, the rule of thumb for analysis is to
select a range which is too Targe rather than

too small. Where necessary, obtain engineering
guidance on the selection. Factors to be con-
sidered as bearing on practicality of parameter
values are basically the same as for point
estimates--i.e., aging and catastrophic failure
mechanisms, and problem use conditions.
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DETERMINATION OF COMPONENT MAINTENANCE/MAINTAINABILITY PARAMETERS: POINT VALUES

Problem Description

The maintainability of a component describes the ability of the maintainer,
of specified skill level, to detect and diagnose a failed component, and to
take the appropriate raplacement/repair actions. - Design feature such as accessi-
bility and monitorability must be considered, as well as availability of skills,
specialization of tools and equipment required, and training capability.
Relevant maintainability parameters include a, 8, Yoo 8§, and h. The para-
meter v, (1), the distribution of removal/repair time ‘once action is initiated,(yiy
composed of several sub-elements, e.g., time to inspect, time to diagnose, time
to remove/replace, time to repair, and gap times while waiting for parts, for
appropriate skills or for tools. Relevant maintenance parameters deal with the
features of policy (e.q9.,Y ., fs) and the status of skills, tools, and equipment

—

provided.

At the concept stage, the data available to the analyst depends upon

1 whether the component design is new or its interface with the system different.
It also depends upon whether the system will be used in a substantially different
F environment than corresponding systems with similar components. The problem is

to investigate all possible sources of maintainability data and develop a best
estimate of the parame:ers identified above.

Analysis Procedure

1. For the component under investigation, determine
if it is a new design or is "off-the-shelf."

2. (a) If off-the-shelf, investigate availability of

| desicn studi2s or of test or operational data

on maintainadility. Relevant MEA data are among

the first documents to provide estimates ¢f these

parameters and should be investigated. If such

information is available follow procedures for

appropriate stage of development as set forth on

later pages.
(b) If not off-the-shelf, or if M data are not
| available, proceed to Step 3 below.
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3. Obtain existing documentation on component mainten-
ance/maintainability requirements and/or estimates
from TRADOC end the cognizant PM.

4. Conduct engineering discussions with cognizant
PM engineers. These discussions should be structured,
first to bracket the parameter value in question, then
to narrow the bracket as much as possible. Factors
to be considered in such a discussion include the
skill levels which will be available, the environ-
mental conditions under which maintenance will be
carried out, and system operating schedules (e.g.,
allowable down time, etc.). For a preliminary esti-
mate, with no supporting data, values of a=1, B=0,
Y1=1, 8=1 may be used a priori. An estimate of
the mean value of yz(r) may be used.

5. Prepare matrix of sources vs. maintainability/mainte-
nance curves and/or parameters and enter estimates

(see Figure I.3).

6. Prepare estimates of priority to be assigned to
different sources, and enter on worksheet.

7. Enter selected value of each maintainability/mainte-
nance curve or parameter in right column. This
will normally be that corresponding to the highest
priority source. If another value is used enter
reason for such selection as an exhibit.

Computer Programming Summary

None required.




TRADOC

PM
Study

Data Source

Engineer
Estimates

Other

Selected
Nominal Value

Component 1
Source priority

Component 2

Etc.

L A1l terms defined in Glossary, Appendix A.

FIGURE I.3. WORKSHEET FOR DETERMINATION OF COMPONENT

MAINTAINABILITY CURVES AND/OR PARAMETER VALUES
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DETERMINATION OF COMPONENT MAINTENANCE/MAINTAINABILITY PARAMETERS: RANGE OF VALUES

Problem Description

For purposes of a sensitivity analysis of a given variable, it is necessary
to identify a range of values of interest, over which the variable could be
tentatively assigned for investigation, without exceeding the bounds of feasi-

bility.

The sources of data available are essentially the same as those for

the determination of point values.

Analysis Procedure

1.

Determine the specific maintenance/maintainability
variables which are of concern to management for sensi-
tivity study and optimization. Where necessary confirm
this selection with the cognizant PM.

Establish preliminary definition of ranges of

interest for each parameter of interest. Where

the Timits of practical interest are not obvious,

the rule of thumb for analysis is to select a

range which is too Targe rather than too small.

Where necessary, obtain engineering guidance on

the selection. Factors to be considered as bear-

ing on practicality of maintainability parameter

values are basically the same as for point
estimates--i.e., the skill levels available, range

of environmental conditions, allowable down times.

30
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DETERMINATION OF LOGISTIC SUPPORT PARAMETERS

Problem Description

The logistic complex which supports a fleet of operating systems is com-
prised of an entire chain of functions, from production and acquisition to
shipping, storage/inventory, handling, inspection and preparing for use. These
functions all have as their ultimate.objective the supplying of necessary
components, equipment and skills to keep this fleet in a required state of readi-
ness. The figures of merit for the logistic system are:

a. The probability that no unit of the fleet is in

an. unavailable state because of lack of skills or
replacement components, over a specified period of
time, and
b. The cost of the logistic system allocatable to the
fleet under consideration. This cost, ultimately,
is one component making up the material cost of
components (i.e., cost = cost of production plus
cost of delivery).
The top-level parameters describing the logistic complex are:
a. The number of systems in the fleet to be
supported (h}.
b. The number of spares for the kth equipment which
are on hand or would be available as needed (wk),
and L
c. The statistical protection level which is required for the fleet (Q).

The three parameters are interdependent, so that if two are given, the
third can be calculated through AMSEC. Normally the parameters which are re-
quired as input are h and Q, with AMSEC providing an estimate of the spares
required for each component, in order to provide the specified level of fleet
protection.

Analysis Procedure

1. Discuss with TRADOC the probable range of fleet
sizes (h) which are of operational interest to
the Army. Factors to be considered include

3l Rev. 9/7/76
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current deployment tactics, rate of acquisition,
training capability.

(a) Select tne median value for point estimates.
(b) Use entire range.for sensitivity.

Discuss with TRADOC or the cognizant PM the range
of values for the protection level (Q) which are
of interest. Factors to be considered include
mission criticality, allowable delay time,
ability to "cannibalize".

(a) Select median value for point estimates.

(b) Use entire range for sensitivity.

Normally Wi will be an output value rather than
an input, and will be calculated for various
postulated levels of h. If, however, the logistic
system is inventory limited, wk may be specified
for each component. At the concept stage a
nominal value for wk may be obtained from the
cognizant PM or TRADOC. Factors to be considered
include the probable MTBF for the component,

and its cost, size and weight. A range of values
of Nk may also be considered, as a first step
toward optimizing the overall mix of Nk to obtain
highest Q for a given spares budget.

Enter values of h, W, Q and T in tabular form for

later use (see Figure I1.4).

Computer Programming Summary

None required.

B st the 2t b ot snd P P

32 Rev. 9/7/76

* A v .




Data Source

Logistic
Parameter

TRADOC

PM ESTIMATE OTHER

SELECTED
NOMINAL VALUE

T Comp

Y A1l terms defined in Glossary, Appendix A.

FIGURE I.4.

WORKSHEET FOR DETERMINATION OF LOGISTIC

SUPPORT PARAMETERS
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DETERMINATION OF OPERATIONAL USE PARAMETERS
Problem Description

The operational use parameters describe the conditions under which a sys-
tem will be deployed. Particular parameters for input to AMSEC include v, t,
T, 0, and Rg. Here it is assumed that “nominal" operating and environmental
stresses will hold. If these stresses fall outside of the nominal operating
range, the effect will be entered fhrough changes in the life characteristics or
maintainability parameters. AMSEC can accept inputs of v, t, 1, p, and Rc on
the basis of average values, and deal with the entire span of system use over
which these averages are assumed to hold.

Usually v is considered as a running variable and component/system degrada-
tion in RMAC is estimated in terms of age measured against v. However each
variable can be considered alternatively as being fixed or variable.

Analysis Procedure

1. Discuss with TRADOC and/or cognizant PM, the way

in which the system is to be used under existing

concepts. Factors to be considered include:

a. The plan for use: what frequency of missions?
How long between missions? Planned service,
1ife? Arrival pattern of missions. (AMSEC
currently assumes the missions are periodic;
an extension to address random mission arrivals
can be added in the future).

b. Mission type: duration (t), component utilization
during mission Sgk). Mission type is currently
held fixed for AMSEC; an extension to multiple
mission types can be added.

c. Criticality of mission--considered under cost
of mission failure.

d. Effect of constraints placed on A, R, C

2. Enter values for v, t, 1, p, and R, in tabular form

for later use (see Table 1.5).
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TABLE 1.5. WORKSHEET FOR DETERMINATION OF OPERATIONAL USE PARAMETERS
Data Source
Operational M Selected
Use Parameters TRADOC Estimate Other Nominal Value

v

\Y/
t
T
Re

v A1l terms defined in Glossary, Appendix A.
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DETERMINATION OF SUPPOFT COST PARAMETERS

Problem Description

The cost of system support allocatable to a component is composed of four

basic factors:

a. The cost of material, that is, the end cost of
the component to the user, including costs of
acquisition; delivery, storage and interim
servicing; testing, and preparation for use.

b. The cost of labor ($/hr) involved in actual
removal/repair activities. This includes routine
handling.

c. The cost of non-routine handling for, e.g., a
system that failed in use and had to be air-
1ifted back to depot for maintenance.

d. The cost of failure over and above the cost of
replacing the failed component. This can be thought
of as the cost of unreliability, plus the cost
of unavailability, and may include, for example,
crash damage. loss of 1ife, or loss of a mission.

Each cost factor can be sub-categorized in terms of the particular mode of
failure/removal to which the cost is applicable. The problem here is to formulate
a cost profile for each component, based on these four factors, from the best
available sources of information. At the concept stage, the availability of much
of the relevant data will depend upon whether the component is "off-the-shelf" or
is a new desicn.

Analysis Procedure

1. For each subsystem/component under investigation,
determine if it is a new design or is "off-the-shelf".

2. (a) If it is “off-the-shelf", investigate availability
of existing cost records through cognizant PM or other
source. If available follow procedures for appropriate
stage of development.
(b) If not "nff-the-shelf" or if cost data are not
ava®lable, p=oceed to Step 3 below.
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3. QObtain existing documentation on component

cost parameters and/or estimates from PM and

from Procurenent.
4. Conduct discussions with the cognizant PM

cost analysts and Procurement Specialists.

These discussions should be structured, first

to bracket the parameter value in question,

then to narrow the bracket as much as possible.
] Factors to be considered include changes in
3 material acquisition costs and in labor rates;
changes in design modularity/accessibility
for components; identification of the line or shop
replaceable/repairable units (LRU.SRU): availahility
of special tools/equipment; delivery m?thod to be used,

! and impact of component failure on saféty; mission success, by mode.
5. Prepare matrix of sources vs. cost data and
enter estimates (see Figure 1.6). Yy
6. Prepare estimates of priority to be assigned to
different sources, and enter on worksheet.
7. Enter selected value of each parameter. This
will normally be the value corresponding to the
highest priority source. If a different value
is selected, enter reason for such selection as
an exhibit.

Computer Programming Summary

None required.

i NOTE: Where data are available, the replacement cost of the component can
be modified %o show the cost as an overhaul cost/repair cost/new component
cost composite, to reflect actual inventory make up.
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Data Source

I-]

Cost
Parameter

Procurement

AVS
PM

Other

Selected
Nominal Value

Source priority

Component 1
tabor cost per

man hour
PM removal
NT failure
CM, Mode 1
2
m
Material Cost
Service
PM removal '
H/T failure
cn, Mode 1
2
3
m

Component 2
Etc.

FIGURE 1.6. WORKSHEET FOR DETERMINATIPN QF COST PARAMETERS

38

Rev. 9/7/76




I-2

SECTION I
CHAPTER 2
INPUT PARAMETERS--DESIGN AND DEVELOPMENT STAGE

INTRODUCTION

During the design and development stage the system configuration becomes
firmer. Specific component features are chosen, a preliminary maintenance plan
is established, and dialogue with TRADOC begins to impact on downstream plans-
for-use. Engineering studies are carried out, and early estimates of reljability,
availability and maintainability are documented in the MEADS and related docu-
ments. A certain amount of testing is carried out at the component and subsystem
level, and new full-system test plans are advanced.

From this growing mass of engineering analysis output, it is possible to
review, update and gradually supplant the data obtained at the concept stage.

The procedures for parameter estimation at the design and development stage
parallel those at the concept stage, the difference being that the weight of
evidence is swinging away from broad statements of engineering judgment, require-
ments definitions and experience with generically related components; instead it
is swinging toward more definitive information about the specific system itself.
The PM and his contrac:ors become the major data sources.

The problem at this point becomes one of collecting, sorting and organizing
the data which become avajlable during design and development, drawing the rele-
vant parameter estimates from that data, and determining the relative validity
of those estimates compared with those developed at earlier stages or from
generically related systems.

39
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DETERMINATION OF SYSTEM CONFIGURATION PARAMETERS

Problem Description

The problem at this stage is to obtain the most accurate possible statement
of each of the system configuration parameters, based on the totality of informa-
tion available in the cften rapidly changing environment of design and development.
The sources of data at this point are design drawings and functional block diagrams,
engineering studies, ard limited tests.

It is important that the design configuration be identified down to the sub-
system/component level at which removal actions take place for repair or pre-
ventive maintenance. The specific subsystbms which are required for a mission,
and the amount of redundancy, depend both on the complexity and rigor of the mission
and on whether the analyst is interested in maximum performance, degraded perform-
ance or safety.

The requirement at this stage is to determine the parameter values N, Nys Ek’
and_ljk. and to define the interrelated reliability logic for the N subsystems and
thenk components, for each type of mission assignment. For a full-capability mis-
sion, for example, an aircraft with two engines will require the operational use of
both, so that they would be shown in series logically. For purposes of safety, how-
ever, a single engine ray be able to provide a sufficient aircraft viability, so that
in this case the two ergines would be shown in parallel. Other components (e.q.,
weapon system) will not be shown at all, if they are not required for aircraft safety

under the particular missions of interest.

Analysis Procedure

1. Obtain design logic diagrams from the cognizant
PM; obtain work-unit breakdown from contractor
MEADS.

2. Obtain updated mission concepts from the cognizant
PM or TRADOC and designate components required
for different defined missions.

3. Lay out subsystem reliability/availability block
diagrams for different missions. Group into
major functions, each of which is required for
the specified mission and thus are in series

Togically. Incicate functional or component
redundancy within these blocks (see Figure 1.7).
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4. Prepare matrix of configuration data elements

vs. mission type (see Figure 1.8).

5. Discuss with PM the range of values of interest
to Army in sensitivity study. Tabulate results
using form similar to Figure I.8.

Computer Programming Summary

A program has been developed by AVSCOM-LS to provide logic block diagrams
directly from LSA/MEA data tapes. However this must be modified to fit specific
mission under investigation.




Mission Type

Configuration Maximum Reduced
Parameters Capability Capability Safety
Subsystem 1 n Yy
X
Xl
Subsystem 2 n
X
xl
Subsystem 3 n
i X
xl
Subsystem N n
X
xl

l A1l terms are defined in Glossary, Appendix A.

FIGURE 1.8. WORKSHEET FOR IDENTIFYING SYSTEM CONFIGURATION PARAMETERS




DETERMINATION OF COMPONENT LIFE CHARACTERISTIC PARAMETERS

Problem Description

In its operational 1ife a component is subjected to various operational
and environmental stresses which may, singly or in combination, degrade the
ability of the component to perform until that ability falls below an acceptable
threshold. At that time the component is said to have failed. The dominant
stresses which must be considered include, e.g., operating overload, calendar
time, operating time, operating miles, or rounds, and such environmental stresses
as temperature and humidity. If one assumes that the system is properly used,
the prevailing functional a#guments for failure usually relate to the duration
of the operational hazards. Failure of the component may occur in any of several
modes, e.g., breaks or open circuits, excessive wear, jamming, etc.

The life characteristics of a component can be expressed in terms of the
probability distribution for surviving each mode as a function of the dominant
hazard. Usually, where wearout is a factor, two parameters will be required to
define this distribution with sufficient accuracy, e.g., the mean time between
failure (MTBF) and the probability of surviving half the MTBF, P(MTBF/2), for
the ith mode of failure. Where failures occur randomly, an estimate of the MTBF

is sufficient.

At the design and development (D/D) stage, engineering estimates of component
characteristics are documented, both in MEADS and in associated RAM documentation.
These data, coupled with Timited bench test results at the component/subsystem
level will represent the best of current thinking, and when available they should
be considered for updating the componént 1ife estimates obtained during the concept stage.
The basic problem is to draw together the relevant D/D data, to assess its
adequacy relative to the concept stage data, and to select the currently "best"
information.

As indicated earlier, AMSEC provides for consideration of either one or two
"stages" of hazard exposure within a given failure mode (see page 23).

Analysis Procedure

3 1. Draw together existing engineering documentation

é of component parameters showing failure parameters
by mode of fzilure. Data sources include both the

cognizant PM and contractor.

4L
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2. Enter this documentation in matrix form (see

Figure 1.9) “or comparative presentation along

with any existing data from concept stage

(see Figure 1.2). 1

3. Select "best" value for each parameter. Factors '
to be considered include: |

a. Extent of experience behind concept-stage
estimates.

b. Validity of concept stage data from generically %
similar subsystem; extent of similarities in
design, use.

c. Quality of data from D/D, e.g., depth of
analysis, extent of tests, consistency of
test results, similarity of test environment
to use environment.

d. If parameters are not available yet by mode,
enter single value for all modes of failure.

4. Discuss with PM the range of values of interest
to the Army in sensitivity studies. Tabulate

results, using form similar to Figure 1.9.

Computer Programming Studies

None required.
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DETERMINATION CF COMPONENT MAINTENANCE/MAINTAINABILITY CURVES AND PARAMETERS

! Problem Description

The maintainability of a component describes the ability of the maintainer,
of specified skill level, to detect and diagnose a failed component, and to take
the appropriate replacement/repair actions. Design features such as accessibility
and monitorability must be considered, as well as availability of skills, special-
ization of tools and equipment required, and training capability. Relevant main-
tainability parameters include a, 8, Yz’-§ and h. The parameter y2k(rx the distri-
bution of removal/renswal time once action is initiated Ylk(t) is comnosed
of several sub-elements, e.g., time to inspect, time to repair, and gap times while
waiting for parts, for appropriate skills or for tools. Relevant maintenance para-
meters deal with the features of policy (e.q., 1> fS) and the status of skills,
tools and equipment provided.

At the design and development stage, the LSA documentation is becoming avail-
able, which provides preliminary quantitative estimates of the average value of y,, .
Current documentation requirements do not call for estimation of the full distribu-
tion of Yop» OF for estimates of a, 8, Y and §. Consequently, a major source of
parameter estimates during D/D will be structured engineering discussions, similar
to those during the concept stage (see p. 28).

Analysis Procedure

1. Collect existing information bearing on the M
parameters from both PM and contractors. This
will usually provide improved estimates of the

expected value of Yo -
2. Conduct engineering discussions with PM-Togistics .

and/or contractors to obtain improved estimates

of Yor distribution, and estimates of mean values

for o, B, Yq» 8.

Bring forward data from concept stage (see Figure 1.3). |
4. Enter all data into new matrix (Figure 1.10) for

ﬁ comparative presentation.
5. Select "hast" value for each parameter. Tactors
! to be considared include:
t a. Extent of experience behind concept stage estimates.
l
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Data Source

Parameter
Values

Concept
Data

Engineering
Data

Other
Data

Selected
Nominal Value

Cogagyﬁﬂ} 1
B(t)
'Y](t)
zz(r)

4,m

Comppnent 2

Eic.

LY/ A1l terms are defined in Glossary, Appendix A.

FIGURE I.10. WORKSHEET FOR DETERMINATION OF COMPONENT
MAINTAINABILITY CURVES AND/OR PARAMETERS
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b. Validity cf concept stage data from
geterically similar subsystems (e.g.,
extent of similarity in design and
use, and zmount of data).

c. Quality of data from D/D, e.g., depth
of analysis, extent of tests, consist-
ing of test results.

d. Where no cata are available, or quality
is highly dubious, enter a priori values
of a=1, B=0, y1=1, 8=1; estimate mean
value of ngj-.-—-

6. Discuss with PM the range of values of interest
to the Army in sensitivity studies. Tabulate
results using form similar to Figure I1.10.

Computer Programming Studies

None required.
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DETERMINATION OF LOGISTIC SUPPORT PARAMETERS

Problem Description

The logistic complex which supports a fleet of operating systems is
comprised of the entire chain of functions from production and acquisition to
shipping, storage/inventory, handling, inspection and preparing for use. These
functions all have as their ultimate objective the supplying of necessary skills and
components to keep the fleet in a reguired state of readiness. The figures of
merit for the logistic system include:

a. The probability that the fleet support spares

inventory will be sufficient to satisfy all
demands over a specified period of time, and

b. The cost of the logistic system allocatable to

the fleet under consideration. This logistic
cost, is one component of the total cost of
acquiring a component (i.e., acquisition cost =
cost of nroduction plus cost of delivery).

The top level parameters £ describing the logistic complex are:

a. The number of aircraft in the fleet to be
supported (h)
b. The number 3? replacements for the kth equipment
which are on hand (wk), and
c. The statistical protection level which is required (Q) for the fleet.

The three parameters are interdependent, so that if two are given, the third
can be calculated through AMSEC. Normally the parameters which are required as
input are h and Q, with AMSEC providing an estimate of the spares required for
each component, in order to provide the specified Tevel of fleet protection.

2/ It should be noted that W, h, and Q are all derived variables dependent on
still more basic underlying considerations. For example:

) h depends upon acquisition rate, delivery schedule, fleet size, deploy-
ment rate, de-commissicning rate, crash frequency, enemy vulnerability.

(] Q depends upon replacement time, allowable downtime, mission criticality,
feasible inveatory size.

) Wk depends upon component failure characteristics, mission profile, plan
for uce, compinent utilization, delivery time.
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At the D/D stage the values of h and Q should be much better definitized
than at the concept stage, if only because the system configuration and capabil-
ity is better known, its weaknesses more completely documented, and the mission/
environment more specific. The principal sources of information, as at the
concept stage, will be the cognizant PM and TRADOC.

Analysis Procedure

1. Carry forward results of discussions with TRADOC
and with the cognizant PM at the concept stage to
determine probable range of values of H and Q
(see p.32).

2. Review these earlier findings with the cognizant
PM and TRADOC to assess current validity. New
factors to be considered include relevant system
findings during D/D, changes in plans for acquisi-
tion, deployment and/or field use.

3. Update or modify as required. Use median value
for point estimates; use entire range for
sensitivity.

4. Enter findings in matrix from worksheet (refer to
Figure 1.4) for final review prior to entry into
AMSEC.

Computer Programming Summary

None required.

&1
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DETERMINATION OF OPERATIONAL USE PARAMETERS

Problem Description

The operational use parameters describe the conditions of frequency and
urgency under which the system will be deployed. Particular parameters for
input to AMSEC include Vs Ef T 0, and RC' Here it is assumed that "nominal"
operating and environmental stresses will hold. If these stresses fall outside
of the nominal operating range, the effect will be entered through changes in
the 1ife characteristics or maintainability parameters. AMSEC can accept inputs
of v, E? T 0> and RC on the basis of average values, and deal with the entire
span of system use over which these averages are assumed to hold; or it can
accept different missions, different component utilization, and different allowed
times between missions for investigation of alternative scenarios.

Usually v is considered as a running variable and component/system degrada-
tion in RMAC is estimated in terms of age measured against v. However each
variable can be considered alternatively as being fixed, or as a variable.

At the D/D stage the operational use parameters should be more definitized
than at the concept stage, because the system capability is better known
and its range of possible field uses have been more thoroughly explored. The
principle sources of information, as at the concept stage, will be the cognizant
PM and TRADOC.

Analysis Procedure

1. Carry forward results of discussions with TRADOC
and with the cognizant PM at the concept stage to
document the then-current plans for use.

2. Review these earlier findings with the cognizant
PM and with TRADOC to assess current validity.

New factors to be considered include relevant sys-
tem findings during D/D, changes in deployment,
newly determined environmental/logistic constraints.

3. Update or modify as required.

Computer Programming Summary

None required.
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Data Source

TABLE I.11. WORKSHEET FOR DETERMINATION OF OPERATIONAL USE PARAMETERS

Concept Engineering Other Selected
Parameters Data Data Data Nominal Value
v
t
T
n
|\C
0
P2
] -
N
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DETERMINATION OF SUPPORT COST PARAMETERS

Problem Description

The cost of system support allocatable to a component is composed of four

basic factors:

a.

The cost of material, that is, the end cost of

the component to the user, including costs of
acquisition; delivery, storage and interim
servicing; testing, and preparation for use.

The cost of labor ($/hr) involved in actual
removal/repair activities. This includes routine
handling.

The cost of non-routine handling for, e.g., a
system that failed in use and had to be air-
lifted back to depot for maintenance.

The cost of failure over and above the cost of
replacing the failed component. This can be thought
of as the cost of unreliability, plus the cost
of unavailability, and may include, for example,
crash damage, loss of life, or loss of a mission.

Each cost factor can be sub-categorized in terms of the particular mode of
failure/removal to which the cost is applicable. The problem here is to formulate
a cost profile for each component, based on these four factors, from the best
available sources of information. At the concept stage, the availability of much
of the relevant data will depend upon whether the component is "off-the-shelf" or
is a new design.

Analysis Procedure

1.

For each subsystem/component under investigation,
determine if it is a new design or is "off-the-shelf".
(a) If it is "off-the-shelf", investigate availability
of existing cost records through cognizant PM or other
source. If available follow procedures for appropriate
stage of development.

(b) If not "off-the-shelf" or if cost data are not
available, proceed to Step 3 below.

[
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Obtain existing documentation on component

cost narameters and/or estimates from the
cognizant PM, from Procurement, and from
contractor sources.

Conduct discussions with PM cost analysts and
Procurement specialists.' These discussions
should be structured, first to bracket the
parameter value in question, then to narrow

the bracket as much as possible. Factors to

be considered include changes in consumer price
index and in labor rates; changes in design
modularity/accessibility for components; avail-
ability of special tools/equipment; delivery
method to be used, and impact of component
failure on safety, mission success, by mode of
failure.

Prepare matrix of sources vs. cost data and enter
estimates (see Figure I1.12).

Prepare estimates of priority to be assigned to
different sources, and enter on worksheet.
Enter selected value cf each parameter. This
will normally be the value corresponding to the
highest priority source. If a different value
is selected, enter reason for such selection as
an exhibit.

y 1




I-2

TABLE 1.12 WORKSHEET FOR DETERMINATION OF COST PARAMETERS

Data Source

Cost
Parameter

Procurement

AVS
PM

Other

Selected
Nominal Value

Source priority

Comoonent 1
tabor cost per,

man hour
PM removal ‘
HT failure
CM;- Mode 1
N
b
m .
Material Cost
Service '
PM remnval
H/T failure
M, Mode 1
2
3
"

e e

Comoonent 2

(="
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CHAPTER 3
INPUT PARAMETERS--FIELD TESTING STAGE

INTRODUCTION

The field testing phase of a system development represents, in a sense,
a final (or near final) step in the development process. The design configur-
ation at this point is essentially constrained to prevent major modifications.
A maintenance concept has been implemented which, although it may change in
some particulars as the system becomes operational, at least recognizes the fact
that such major factors as component design, accessibility, maintainer skills,
and the nature of diagnostic and other special equipment, have also become less
subject to significant change.

The field testing itself has as a major objective the generation of data
which permits a more objective estimation of system performance capability and
of RAM parameters. Consequently it is of critical importance that the field tests
be designed for the most efficient production of the necessary data base.

The Reliability, Availability, Maintainability, Logistics (RAM/LOG) Data
System 3/ has been designed and implemented for the collection and processing of
development/test/operational data. RAM/LOG is specifically tailored to develop-
ing the data necessary for RAM evaluation and for management control through
AMSEC. If the data collection during field testing is based on these particular

3-'/TR 9-9. Structure of Intearated RAM Data Race for UTTAS, O Qctober 1075,
Prepared for U.S. Army Aviation Systems Command.
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RAM/LOG forms and procedures, estimates of the relevant AMSEC parameters will

be routinely provided by the algorithms associated with the data system. If

a less comprehensive data system is used during the test phase, special process-
ing procedures may be required, and some of the RAM-related parameters may not
be documented at all.

The procedures for parameter estimation at the field test stage differ from
those at the concept and design stages in that actual in-use behavior has been
documented. For the first time in the development process, it is possible to
draw from these documented observations direct estimates of component failure
parameters and component repair/maintenance times. However the data may be of
Timited value if the number of such observations is too Timited. Consequently
the problem facing the analyst at the test stage is:

1. The development of parameter estimates from

test observations, and

2. The decision as to whether to use these esti-

mates to supplement the earlier estimates, to
accept them in conjunction with the earlier
estimates, or to disregarq them.

The following pages describe the analysis process for each element of input
data.

58
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DETERMINATION OF SYSTEM CONFIGURATION PARAMETERS

Problem Description

As field testing begins on a system, the configuration for design and
support is essentially fixed and should be fully documented in the contractors
work breakdown structure and the MEA documents. In addition the various
missions anticipated for the system in operational use should be defined and
the overall plan for use and the support plan should be laid out. These latter
parameters can be changed depending on the findings during the test phase; the
configuration parameters can also be varied through the engineering-change pro-
cess but the range of feasible variation is more limited.

The objective at this stage is to document the final system values of N,
fk’.zk’ andl_'-_k and'the interconnection logic for each of the various mission
types under consideration, and to determine those parameters which may be subject
to review through the ECP route.

Analysis Procedure

1. Obtain updated design logic diagrams from
the cognizant PM; obtain updated work break-
down structure from contractor MEADS.

2. Obtain updated mission concepts from PM or
TRADOC, and designate components required
for different specified missions.

:
tom R/A Slock di

(73]
v

Q

-

agrams for
different missions. Group subsystems into
major functional groups, each of which is
required for the specified mission, and thus
are in series logically. Indicate sub-func-
tijonal or component redundancy within these
major groups (see Figure I.7 for illustration).

4. Prepare matrix of configuration data elements

vs. mission type (see Figure 1.8 for illustration).
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5. Discuss with PM the major configurational ’ .
parameters; tabulate results using form
similar to Figure I.8.

Computer Programming Summary

A program has been developed to provide logic block diagrams from LSA data
tapes. However, this must be modified to fit the‘specific mission(s) under
investigation.
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DETERMINATION OF COMPONENT LIFE CHARACTERISTIC PARAMETERS

Problem Description

During the system test phase, each component will be subjected to the opera-
tional and environmental stresses of an in-use environment. As a result, fail-
ures may be expected, with follow-on repair or renewal before the system can
continue in fully effective operation. In principle, if testing continues long
enough, each component will experience a time-sequence of use-removal-repair/
replacement-continued use. Each removal/renewal will have a specified reason, the
reasons so specified including both modes of actual failure and administrative or
other causes. If the removals are documented by cause, and the intervening opera-
tion of the system is documented by tvee and duration of missions, then it follows
that parameter estimates can be derived describing the distribution of time-to-
removal, (or miles, rounds, etc.) by component and by reason for renewal.

The degree of usefulness of these estimates will depend on two major test
characteristics:
1. The representativeness of the test environ-
ment(s) to the environments surrounding later
operation of the system, and
2. The extent that coverage and duration of the
test(s) leads to sufficient precision and
accuracy of parameter estimates for insertion
into AMSEC in determining RMAC for the later
operational phase.

If both conditions hold, the test-derived estimates may be used to supplant the
estimates obtained during earlier stages. If they do not hold, or hold partially,
then a decision must be made as to whether to retain the earlier estimates,
modify them or supplant them.

Analysis Procedure

The following procedures represent steps taken by the AMSEC data transducer,
to convert empirical data on component removals by reason, or failure mode, to
the corresoonding estimates of 1ife characteristic parameters for entry into the
AMSEC RMAC Mcdel. These procedures comprise a combination of manual and computer

steps.
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For each component being tested:

1. Determine dominant failure argumeht for end
subsystem/component--e.g., time, flight hours, rounds.

2. Determine time to removal by cause, including prior
operating time, if any.

3. Create histogram with time intervals sufficiently
small to depict removal frequency curve

4. Creating say v intervals to cover the span of
test time, record nij’ the number of renewals
for jth cause in ith interval i=1,...,v and
n; the number of renewal for all causes in the
interval.

5. Insert the n1J 's and n; 's in AMSEC computer
algorithm to determine estimates of survival
probab111ty by cause, viz., R (it), i=1,...v

6. Plot RJ(1t) s on Weibull probab111ty paperﬂf
other suitabie plotting paper to determine failure

distribution parameters for insertion into AMSEC.
(See Figure 1.13 for illustrative plot. )

Computer Programming Summary

Step 5 has been automated, to separate a totality of empirical observa-
tions of renewal into estimates of renewal distributions by reason for renewal.
The mathematics underlying this algorithm are presented in Appendix B.

L We1bu11 orobability paper, obtainable from most engineering supply stores,B
i a icred 30 that any distribution having a Weibull form 1-F(t) =

u ‘fﬂ in a straight line. If plots on Weibull are non-linear {R; (1t S}
pelint "a irs can be used to esteblish linear segment curves (probab1i1ty) for
direct insertion in=o AMSEC.
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I-3

DETERMINATION OF COMPONENT MAINTENANCE/MAINTAINABILITY (M/M) PARAMETERS ‘;

Problem Description

Field test results with respect to measurement of M/M parameters will tend ;
to confirm or deny ear’ier estimates derived from LSA's, special studies and
proposed equipment support plans during design and development. An important as-
pect in M/M measuremen* during test is the human element. Properly motivated
maintenance personnel with suitable skill level(s) will produce results (e.q.,
repair times, etc.) reflecting what is potentially achievable under field operat-

ing conditions. However, in considering parameters whose values rest importantly
on human attitudes, it is necessary to project those attitudes into the field
environment under which it is expected that the system will be operated and
maintained. To proceed otherwise may be to introduce serious bias in the esti-
mating of the M/M parameters, thus leading to erroneous forecast of system opera-
tional readiness.

Analysis Procedure

The following procedures represent steps taken by the AMSEC data transducer
to convert empirical data on field maintenance actions, as documented either by the
ith component, depending on whether the component is in a failed or non-failed state
when maintenance commences.

1. Sort maintenance actions by component, and within
that category by type of problem which required

maintenance.

2. For each action, list total calendar time required

E_ for maintenance action and total man-hours.

3. Sub-categorize each maintenance time/man-hours
into its elemental parts which are of interest in
analysis, e.qg., time waiting for parts, time to
diagrose, man-hours to remove/replace, etc.

4., Discuss with M/M engineers the extent to which
these estimates would represent field-use capa-
bility; modi‘y estimates as appropriate.

5. Arrarge main<enance times in order of increasing

| duration; conpute fraction of observations reflect-
ing maintenance time less than a prescribed time

¥
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for use in determining a(t) and YZ(T), the prob-
abilities respectively that cm and pm will be
accomplished in 1t or less time.

6. Determine operating times between preventive
maintenance actions. Sort actions requiring
component renewal from those in the nature of
service, e.g., lubrication.

7. Rank-order operating times between PMs resulting
in component renewal, e.g., remove/replace.

8. Compute fraction of times less than prescribed
times for estimation °f_11£31’ the probability
of renewal of a non-failed component which has
been operating for time t. 5/

9. Determine frequency of service type actions per
operating hour.

Computer Programming Summary

The computational process for estimating distributions from a series of
observations of s Y15 Yoo fs or h is the equivalent of that for calculating
the distribution of survival probability (p. 62). If the distribution is assumed
to be Weibull, the appropriate parameters can be determined by the use of Weibull
graph paper, as shown on page 63. The process is being automated for application
on an ongoing program by AVSCOM, and will be available for use.

Note: The maintenance plan for a component may call for a renewal at some
prescribed cperating time if failure of the component does not intervene.
To the extert that “ield testing follows the maintenance plan directive
](t) w111 behave as a step function, i.e., if t < ty, (t) =05 at t = t,
= 1. It may not be necessary to record actual t1mes between PM

Y
lnewa]s but rather, through documentation, to verify that the prescribed
time (ty) for PM renewal is being observed.
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DETERMINATION OF LOGISTIC SUPPORT PARAMETERS

Problem Description

e ki il

The logistic complex which supports a fleet of operating systems is com-
prised of the entire chain of functions covering support material and personnel
associated with production, acquisition, shipping, storage/inventory, handling,
inspection and preparation of system for use. These functions all have as their
ultimate objective the supply of personnel and component inventories sufficient
to keep the fleet in a required state of preparedness. The figures of merit
for the logistic system are:

a. Fleet/organizational readiness:
What fraction of systems are ready to accomplish
defined missions of interest?
What fraction of systems are not ready to accomplish
defined missions of interest because of:
1. Support material deficiencies, e.qg.,
insufficient spare parts
2. Support personnel or eguipment deficiencies,
e.g., lack of necessary skill level to
maintain necessary component(s).
b. Fleet support cost with respect to:
1. Personnel direct and indirect man-hours
for support.
2. Material acquisition.

The top level parameters 1 describing and influencing the logisticcomplex are:
a. The number of systems in the fleet to be
supported (h).
b. The number of missions (v) per system.
c. The duration (t) of mission.

& It should be noted that these parameters are, in general, derived variables
dependent on still more basic underlying considerations: For example:

e " depends upon acquisition rate, deljvery schedule, fleet size, deploy-
ment rate, decommissioning rate, crash freguency, enemy vulnerability.

e Q depends upon replacement time, allowable downtime, mission criticality,
feasible inventory size.

® Wk cepends upon component failure characteristics, mission profile, plan for
use, coroonent utilization, delivery time.
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d. Lead times for spare parts requisition (I).

e. The number of replacements for the kth equip-
ment (Wg).

f. The prazéction levels for each type component
part (Q).

The values of W, h, and Q usually refer to the operational use environment.
H and Q, as the independent parameters, were defined roughly during earlier
stages. Ouring the test étage some refinement in these earlier estimates may be
made, based on test findings, and it is important to review the question with PM

Togistics and TRADOC.

Analysis Procedure

1. Carry forward results of discussions with TRADOC
and with PM at the concept and D/D stages to
determine probable range of values of h and Q

2. Review these earlier findings with the cognizant
PM and TRADOC to assess current validity. New
factors to be considered include relevant system
findings during test, changes in plans for acquisi-
tion, deployment and/or field use.

3. Update or modify as required. Use median value
for point estimates; use entire range for
sensitivity.

4. Enter findings in matrix form worksheet (refer to
Figure 1.10) for final review prior to entry into
AMSEC.

Computer Programming Summary

None required.
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DETERMINATION OF OPERATIONAL USE PARAMETERS

Problem Description

The operational use parameters describe the conditions of freguency and
urgency under which the system will be deployed. Particular parameters for
input to AMSEC include v, t, T, o, and RC' Here it is assumed that "nominal"
operating and environmental stresses will hold. If these stresses fall outside
of the nominal operating range, the effect will be entered through changes in
the Tife characteristics or maintainability parameters. AMSEC can accept inputs
of v, t, T, p, and RC cn the basis of average values, and deal with the entire
span of system use over which these averages are assumed to hold; or it can
accept different missicns, different component utilization, and different allowed
times between missions for investigation of alternative scenarios.

Usually v is considered as a running variable,and component/system degrada-
tion in RMAC is estimated in terms of age measured against y. However each
variable can be considered alternatively as being fixed, or as a variable.

Preliminary values of the operational use parameters will have been defined
at earlier stages of development; however, during the field testing stage certain
modifications and updates in these parameters may be expected, since the cap-
ability of the system and mission interests may have changed. It is important
to review these earlier parameter definitions with the primary sources of such
information--the cognizant PM and TRADOC--and make the necessary updates.

Analysis Procedure

oo
W Carvy forwere

vesults of discussions with TRAUUL
and with the cognizant PM at the concept stage to
document the then-current plans for use.

2. Review these earlier findings with the cognizant
PM and with TRADOC to assess current validity.
New factors to be considered include relevant sys-
tem findings during D/D, changes in deployment,

newlv determ‘ned environmental/logistic constraints.

)

Undate or mocdify as required.
4. Etnter selected values in tabular form (see Table 1.11).
Computer Programming Summary

Nore reguired.
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DETERMIRATION OF SUPPORT COST PARAMETERS

. Problem Description

The cost of system support allocatahle to a component is composed of four
basic factors: .

a. The cost of raterial, that is, the end cost of
the componont to the user, including costs of
acquisition; delivery, storage and interim
servicing; testing, and preparation for use.

b. The cost of labor ($/hr) involved in actual
removal/repair activities. This includes routine
handling.

c¢. The cost of ron-routine handling for, e.g., a
system that failed in use and had to be air-
lifted back to depot for maintenance.

d. The cost of failure over and above the cost of
replacing the failed component. This can be thought
of as the cost of unreliability, plus the cost
of unavailability, and may include, for example,

i crash damage, loss of life, or loss of a mission.

Each cost factor can be sub-categorized in terms of the particular mode of
failure/remova® to which the cost is applicable. The problem here is to formulate
a cost profile for each component, based on these four factors, from the best
available sources of information. At the concept stage, the availability of much
of the relevant data will depend upon whether the component is "off-the-shelf" or
is a new design. |
Analysis Procedure

1. For each subsystem/component under investigation,
determine if it is a new design or is "off-the-shelf".
2. (a) 17 4t is "off-the-shelf", investigate availability
of ex’sting cost records through cognizant PM or other
source. If available follow procedures for appropriate
stage of development.
(b) I€ not "cff-the-shelf" or if cost data are not

available, proceed to Step 3 below.

Rev. 9/7/76




equipment, labor skills required for mainten- ol
ance, as determined during tests; changes
in mission use and hence on component failure
cost; changes in failure mode distribution,
and thus on expected failure cost; changes in
price indices.
3. Enter revised parameter estimates in matrix
form (e.g., Table 1.12 or equivalent) for later
entry into AMSEC.

Computer Programming Summary

None required.
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CHAPTER 4
INPUT PARAMETERS--OPERATIONAL USE STAGE

INTRODUCTION

Operational use represents the final stage of the system life cycle. The
design has been established, except for a limited number of engineering changes
which may be considered. A maintenance program is in being which, although it
may be changed in some details to improve cost-effectiveness, recognizes that
such major factors as component design, special equipment, available skills, etc.
have been fixed. Tests have been completed so that as operational use begins,
the best possible data base is available.

S ey e

On the basis of this backlog of experience with system characteristics, the
Army must now decide how it is going to use the system in the field, which design
changes make sense, and what maintenance plan is most cost-effective. This will
be a learning process, starting with projected parameter values at the beginning
of operational use, and modifying these values as experience in the actual use-
environment is gained. Consequently it is of critical importance that the use
experience be carefully documented to support this learning/decision process.

The Reliability, Availability, Maintainability, Logistics (RAM/LOG) Data
System o was designed for the collection and processing of development/test/
operational data. Specifically, it will develop the data necessary as inout
for RAM evaluation and for management control through AMSEC. If the data

cellection during operational use 1is based on the RAM/LOG forms

Y 13 9.9, Structure of Integrated RAM Data Base for UTTAS, 9 October 1975.
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and procedures, estimates of the relevant AMSEC parameters will be routinely
provided by the algorithms associated with the data system. If a less compre-
hensive data system is used during system operation, special processing pro-
cedures may be requirec, and some of the RAM-related parameters may not be docu-
mented at all.

The procedures for parameter estimation at the operational use stage resemble
those at the test phase, and in a sense represent simply an extension of the “test"
experience into a more realistic environment. As in the test phase, parameter
estimates can now be drawn from actual documented observations, rather than from
engineering estimates or generic experience. Also, as in the test phase, the
data may be of limited value if the number of such observations is too limited.
Consequently the problem facing the analyst at the operational use stage is two-
fold:

1.  The development of parameter estimates from actual

field-use observations, and

2. The decision as to whether to use these estimates

to supplement the earlier estimates, to accept
them in conjunction with the earlier estimates,
or to disregard them.

The following pages describe the analysis process for each element of input
data.
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DETERMINATION OF SYSTEM CONFIGURATION PARAMFTERS

Problem Description

Starting the operational phase, the system design configuration is essentially
fixed. It has been fully documented, first in the contractors work breakdown
structure and the LSA documents, and later in changes introduced during develop-
ment or as a result of testing. In addition the various missions anticipated for
the system in operational use have been defined and the overall plan for use and
the support plan have been laid out. These latter parameters are based on the
latest findings during the test phase and can be varied as operating experience
indicates. The configuration parameters can also be varied through the engineer-
ing-change process but the range of feasible variation is limited.

The objective at this stage is to document the final system values of N,
Mo fkf and_}ix_and the interconnection logic for each of the various mission
types under consideration, and to determine those parameters which may be subject
to review through the ECP route.

Analysis Procedure

1. Obtain updated design logic diagrams from PM;
obtain updated work-breakdown structure from final
contractor LSA documentation.

2. 0Obtain updated mission concepts from PM or TRADOC,
and designate components required for different
specified missions.

(D

Lay out subsystem R/A block diagrams for different

missions. Group subsystems into major functional

groups, each of which is required for the specified

mission, and thus are in series logically. - Indicate

sub-functional or component redundancy within these

major groups {see Figure 1.7 for illustration).

&, DPrepare matrix of configuration data elements vs.
mission type (see Figure 1.8 for illustration).

5, Discuss with PM the major configurational parameter
candidates for ECPs; tabulate results using form

-
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1-4
Computer Programming Stmmary

A proaram has been developed to provide logic block diagrams directly

from LSA data tapes. However, this must be modified to fit the specific
mission under investigation.
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DETERMINATION OF COMPONENT LIFE-CHARACTERISTIC PARAMETERS

Problem Description

During the operational use phase. each component will be subjected to the
overational and environmental stresses of the actual in-use environment. Fail-
ures will be expected as a result of those stresses, repairs or renewal will take
place, and system operation will continue. In principle, over the full opera-
tional Tife of the system, each component will experience a time-sequence of use-
removal-repair/replacement-continued use. Each removal will be characterized by
a specified reason for renewal, the reasons so specified including both modes of
actual failure and administrative or other reasons. If the removals are documented
by cause, and the intervening operation of the system is documented by type and
duration of missions, then parameter estimates can be derived describing the
distribution of time-to-removal, (or miles, rounds, etc.) by component and by
reason for renewal.

Analysis Procedure

The following procedures represent steps taken by the AMSEC data transducer,
to convert empirical deta on component removals to corresponding estimates of life
characteristics for entry into the AMSEC RMAC model.

For each component being tested:

1. Determine dominant failure argument for end sub-
system/comporent--e.g., time, flight hours, rounds.
Determine time to removal by cause.

Create histocram with time intervals sufficiently
small to depict removal frequency curve.

4. Creating say v intervals within the expected
component life cycle, record nij the number of

th cause in ith interval i=1,...v.

renewals for j
Record n,, the number of renewals for all causes

in tre interval.

(83

Insert the n..'s and ni‘s in AMSEC computer algorithm
t0 cdetermine estimates of survival probability by cause,
A
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6. Plot ﬁ}(it)'s on Weibull probability paper or
other suitable plotting paper to determine fail-
ure distribution parameters for insertion into
amsec. 2/

Computer Programming Summary

Step 5 has been automated, to separate a totality of empirical observa-

tions of renewal into estimates of renewal distributions by reason for renewal.

The mathematics underlying this algorithm are presented in Appendix B.

& If plots on Weibull are non-linear {R.(it), it} point pairs can be-used
to establish Tinear segment curves (p;obability) for direct insertion
into AMSEC.
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DETERMINATION OF COMPOMENT MAINTENANCE/MAINTAINABILITY PARAMETERS

Problem Description :

As operational use begins, the engineering estimates of the M/M parameters
will have been defined either through formal LSA reporting, through special
developmental studies, through the AMSEC dialogue described in Chapter 2, or i
through test results. During field use, component removals, replacements, adjust- 1

ments and repairs will take place under actual operational conditions. As sys-

tem use continues, more accurate estimates of the M/M parameters and their distributions ﬁ
can be obtained, which can then be used in AMSEC for system evaluation and planning.

These estimates of course may not hold under different operating conditions depend-

ing on the human equation as reflected in maintenance personnel motivation and

incentive to perform.

Analysis Procedure

The following procedures represent steps taken by the AMSEC data transducer
to convert empirical data on field maintenance actions, as documented either by
RAM/LOG or by other systems, into‘estimates for the values of maintenance time for
the ith component, depending on whether the component is in a failed or non-failed

state when maintenance commences.

1. Sort maintenance actions by component, and within
that category by type of problem which required
maintenance.

2. For each action, Tlist total calendar time required
for maintenance action and total man-hours.

3. Sub-categorize each maintenance time/man-hours
into its elemental parts which are of interest in
analysis, e.g., time waiting for parts, time to
diagrose, man-hours to remove/replace, etc.

4. Arrarge maintenance times in order of increasing
duration; compute fraction of observations reflect-
ing maintenance time less than a prescribed time
for use in determining a(1) and YZ(T)’ the orob-
abilities respectively that CM and PM will be
accomplished in 1 or less time.
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5. Determine operating times between preventive
maintenance actions. Sort actions requiring
component renewal from those in the nature of
service, e.g., lubrication.

6. Rank-order onerating times between PMs
‘resulting in component renewal, e.g., remove/
replace.

7. Compute fraction of times less than prescribed
times for estimation of y](t), the probability
of renewal of a non-failed component which has
been operating for time t. 8/

8. Determine freguency of service type actions per
operating hour.

Computer Programming Summary

A1l of these steps have been programmed for computer use, to estimate

the distributions for «, v, v, and the fg and h values, from the maintenance
data forms of- RAM/LOG. This proaram was documented in TR 9-12, dated

16

January 1976, and the program itself was transferred to AVSCOM-PA,

Note: The maintenance plan for a component may call for a renewal at some
prescribed operating time if failure of the component does not intervene.
TJo the extent tha*t “jeld testing follows the maintenance plan directive
v-(t) will bahave a¢ a step function, i.e., if t < tys Y](t) = Qat t = tg
v1(t) = 1. I% may rot be necessary to record actual times between PM
renewals but rather through documentation to verify that the prescribed
time (ty) for PM rerewal is being observed.
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DETERMINATION OF LOGISTIC SUPPORT PARAMETERS

Problem Description

The logistic complex which supports a fleet of operating systems is com-
prised of the entive chain of functions covering support material and personnel
associated with production, acquisition, shipping, storage/inventory, handling,
inspection and preparation of system for use. These functions all have as their
ultimate objective the supply of personnel and component inventories sufficient
to keep the fleet in a required state of preparedness. The figures of merit
for the logistic system are:

a. Fleet/organizational readiness:
What fraction of systems are ready to accomplish
defined missions of interest?
What fraction of systems are not ready to accomplish
defined missions of interest because of:
1. Support material deficiencies, e.g.,
insufficient spare parts
2. Support personnel or equipment deficiencies,
e.g., lack of necessary skill level to
maintain necessary component(s).
b. Fleet support cost with respect to:
1. Personnel direct and indirect man-hours
for support.
2. Material acquisition.

The top level parameters 9/ describing and influencing the logistic complex are:
a. The number of systems in the fleet to be
supported (h).
b. The number of missions (v) per system.
¢. The duration (t) of mission.

Y It should be noted that these parameters are, in general, derived variables

dependent on still more basic underlying considerations: For example:

e h depends upon acquisition rate, delivery schedule, fleet size, deploy-
ment rate, decommissioning rate, crash frequency, enemy vulnerability.

» 0 depends upcn replacement time, allowable downtime, mission criticality,
feasibie inventory size.

s %y depnends upon ccmponent failure characteristics, mission profile, plan for
use, component utilization, delivery time.

)




d. Lead times for spare parts requisition (T).

e. The number of replacements for the kth equip-
ment wk.

f. The protection levels for each type component
part (Q).

The values of W, h, and Q usually refer to the operational use environment.
H and Q, as the independent parameters, were defined roughly during earlier
stages. During the operational stage some refinement in these earlier estimates
may be made, based on actual use findings, and it it important to review the question
with PM logistics and with the field commander.

Analysis Procedure

1. Carry forward results of discussions with TRADOC
and with PM at the concept and D/D stages to
determine probable range of values of H and Q.

2. Review these earlier findings with the cognizant
PM and with field commander to assess current
validity. New factors to be considered include
relevant system findings during field use,
changes in pians for acquisition, deployment,
and tactical use.

3. Update or modify as required. Use median value
for point estimates; use entire range for
sensitivity.

4. Enter findings in matrix form worksheet (refer to
Figure 1.10) for final review prior to entry into
AMSEC.

Computer Programming Summary

None required.
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DETERMINATION OF OPERATIONAL USE PARAMETERS

Problem Description

The operational use parameters describe the conditions of frequency and
urgency under which the system will be deployed. Particular parameters for
input to AMSEC include v, t, T, p, and RC' Here it is assumed that "nominal"
operating and environmental stresses will hold., If these stresses fall outside
of the nominal operating range, the effect will be entered through changes in
the life characteristics or maintainability parameters. AMSEC can accept inputs
of v, t, 1, o, and RC on the basis of average values, and deal with the entire
span of system use over which these averages are assumed to hold; or it can
accept different missions, different component utilization, and different allowed
times between missions for investigation of alternative scenarios.

Usually v is considered as a running variable and component/system degrada-
tion in RMAC is estimated in terms of age measured against v. However each
variable can be considered alternatively as being fixed, or as a variable.

Preliminary values of the operational use parameters will have been defined
at earlier stages of development; however, during the operational use stage certain
modifications and updates in these parameters are to be expected, since the
capability of the system is now completely documented, mission interests are better
defined, and environments are now known or more fully understood. It is important
to review these earlier parameter definitions with the primary sources of such
information--the cognizant PM, TRADOC, field commander--and make necessary updates.

Analysis Procedure

1. Carry forward results of discussions with TRADOC
and with the cognizant PM at the testing stage to
document the then-current plans-for-use.

2. Review these earlier findings with the cognizant PM,
with TRADOC and with the operational commander, to
assess current validity. New factors to be considered
include relevant system findings during test, changes
in deployment and tactics.

Rev. 9/7/76
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ol
3. Update or modify as required. k
4, Enter selected values in tabular form (see

Table 1.11).

Computer Programming Summary

None required.




DETERMINATION OF SUPPORT COST PARAMETERS
Problem Description
The cost of system support allocatable to a component is composed of four
basic factors:
a. The.cost of material, that is, the end cost of
the component to the user, including costs of
acquisition; delivery, storage and interim
serQicing; testing, and preparation for use.
b. The cost of labor ($/hr) involved in actual
removal/repair activities. This includes routine

handling.

c. The cost of non-routine handling for, e.g., @
system that failed in use and had to be air-
1ifted back to depot for maintenance.

d. The cost of failure over and above the cost of
replacing the failed component. This can be thought
of as the cost of unreliability, plus the cost
of unavailability, and may include, for example,
crash damage, loss of life, or loss of a mission.

Each cost factor can be sub-categorized in terms of the particular mode of
failure/removal to which the cost is applicable. The problem here is to formulate
a cost profile for each component, based on these four factors, from the best
available sources of information. At the concept stage, the availability of much
of the relevant data will denend upon whether the component is "off-the-shelf" or
is a new design.

Analysis Procedure

1. For each subsystem/component under investigation,

determine if it is a new design or is "off-the-shelf".

2. (a) If it is "off-the-shelf", investigate availability

of existing cost records through cognizant PM or other
source. If evailable follow procedures for appropriate
stage of development.

(b) IF not "off-the-shkalf" or if cost data are not

available, proceed to Step 3 below.




anticipated through ECPs; changes in special tools,
equipment, lzbor skills required for maintenance

as determined during tests; changes in mission
use tactics and hence on component failure cost; changes
in failure mode distribution, and thus on expected
failure cost:. changes in price indices.

3. Enter revised parameter estimates in matrix form
(e.g., Table I.12 or equivalent) for later entry
into AMSEC.

Computer Programming Analysis

None required.
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SECTION 11

USE OF RMAC EVALUATION MODEL
INTRODUCTION

Once input parameter values have been established (see Section 1), opera-
tion of the AMSEC RMAC Model can begin. Inputs will vary in degree of defini-
tion and precision as the development program proceeds. However, their use in
the RMAC evaluation process follows the same steps in the Concept Stage, the
Design and Development Stage, the Test Stage or the Operational Use Stage.
Consequently the organization of Section II is not broken down by Chapters for
different stages of development, but rather is a single Chapter describing the
implementation of the model in detail.

The input and output formats are described, along with the procedures for
entering the data into the computer. The analytic formulation of AMSEC, and the
documentation of the computer program is discussed in Appendix C. The cards
for the program have been provided to AVSCOM-PA under separate cover.

A full illustrative printout from the model, showing the output values for
system and component RMAC and spares, and the expected change of these parameters
with system use is provided in Appendix D. Specialized analysis outouts are
nrovided as accompaniment to the text in Section III.
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CHAPTER 1
RMAC MODEL
CONCEPT, DEVELOPMENT, TEST AND USE STAGES

INTRODUCTION

The major differences in using AMSEC in the various stages of system develop-

ment are:
a.

Differences in output due to changes in system
definition and design characteristics.
Differences in the precision and accuracy with
which input data are established, and
Differences in the specific AMSEC applications
which are of concern to management.

The actual operation of the RMAC model--i.e., the calculation, from a given
set of input values, of system/component RMAC and spares, broken down by mode of fail-
ure/renewal--is essentially the same at all stages. The steps involved are the following:

s

Collection and organization of input parameter
estimates as developed in Section I, for each
component

Entry of appropriate parameter estimates onto

input format for keypunch

Keypunch of input data onto program cards
Specification of form(s) of outputs desired

Entry of all data cards into computer and operation
of AMSEC program to derive specified outputs and
printout on appropriate output formats.

The following Chapter describes the sing]e-step use of the RMAC model in
terms of these basic steps, provides illustrations in each case, and displays
a sample output for a simple system configuration. Such a single-run estimate
of RMAC and spares (RMACS) histories is the basic model operation; it provides a
complete evaluation from a set of single-value inputs for each parameter specified.
For more complex management decisions, multiple-run evaluations are required;

these are described in Section III.
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As currently programmed, AMSEC can be excercised in any of three optional

modes.

a. It can deliver, as output, the component/system
readiness, reliability, and maintainability factors
only. This option would apply where component
cost and spares output data is either unattainable
because of lack of input information, or is simply
not of interest.

b. It can provide output of cost/spares information
only, and

¢. It can provide a full presentation of mission
readiness and reliability, together with material
acquisition and support costs, and spares.

The output in each case can be varied, both in level of configuration at
which estimates are provided and in degree of analytical detail provided.

Analysis by Type of Failure

For many analyses, there is a specific interest in determining the frequency
of certain kinds of system failures and other causes for maintenance or support
actions; or in estimating the corresponding support and operating costs.

In order to address these interests, AMSEC has been extended to categorize
and array system maintenance actions in terms of (a) service, {b) preventive
maintenance, (c) transportation and handling failure, (d) maintenance induced
failures, and (e) mission failures. Mission failures are further broken down
into categories called critical {(e.g., failures hazarding system viability or
safety), major (e.g., failures which prevent or seriously compromise chances
of mission success), or minor {e.g., failures which have little or no impact on
mission success); and to chargeable (e.g., failures stemming from component design
of characteristics fabrication procedures), vs. non-chargeable (e.g., failures
caused by improper handling or operation of the ;ystem). By using AMSEC to sum
the componen: maintenance actions by cause (category) over all components we pro-
vide a basis for determining system support costs in total and further the distri-
bution of the total to the various categories of interest. Cost per man hour and
material costs by failure category are also separately tabulated, thus yielding as
output projections by category of labor and material costs.
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COLLECTION OF INPUT DATA

Problem Description

The first step in the use of the AMSEC RMAC Model is to draw together the
parameter estimates appropriate to the particular stage of development of the
system which is of interest. At this point these estimates will be on the work-
sheets, as they were entered according to pfocedurés set forth in Section I.

They should be given a final review for general accuracy and applicability to the
problem at hand, and any final modifications made on the current copies of the

worksheets.

Analysis Procedure

1. Collect worksheets for each of the six input
parameter categories: '

System configuration parameters

Component life characteristic parameters

Component maintainability parameters

Logistic support parameters

Operational use parameters

Support cost procedures {

- ® Qo O o o

2. Review data for completeness and consistency.
A manual edit of the worksheets is carried out. |
As a minimum, the following checks should be made:
a. Estimates have been entered for all pertinent

~ parameters
b. Ranges of values and histogram interval has
been set forth for parameters requiring a
E sensitivity analysis
c. Component mix corresponds to appropriate J
mission utilization, and to portion of total é
system being analyzed
b d. Check individual entries for reasonableness.
3. Check any discrepancies with cognizant engineer/
analyst and modify as required -
4. Indicate acceptance of forms by initialing. ]
Computer Programming Summary

s St s aie

None required.
| 88
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ENTRY OF DATA ON SUMMARY FORMS

Problem Description

The data as brought forward on the worksheets must now be aggregated into
a summary format for convenience in reviewing and keypunching.

As a first step, these input parameters characterized by a distribution (i.e.,
a curve or a series of straight-line segments) must be examined to determine if
1 some are sufficiently similar that the same input can be used. Curves will be
5 assigned a number, and a table-look-up will be entered into the computer whereby
i each relevant curve can be called up by addressing the appropriate number.
E ; After a table of curve forms (see Figure II.la) has been completed, the data
; on the six worksheets should now be transferred onto a summary form (see
é ! Figure II.1b, c¢). This form is double-indexed to show both the worksheet name
? of the data element being entered from worksheet, and the keypunch blocks to
] be used on the cards.
Analysis Procedure
1. Develop the curve table data from the component
maintainability and 1ife characteristics work-
sheets. Each unique set of curve data are assigned
a number of the worksheet and the unique curve data
points are entered onto the curve table form.
2. Enter each finalized data element from worksheet
onto summary format in appropriate box. Appropriate
positions for placing decimal points are indicated;
necessary codes (e.g., type of component hazard
. considered to be dominant) are also shown.
: 3. A manual edit of the data transfer operation should
1 be made, to assure that the copy is error free and
1 is placed in proper boxes.
? Computer Programming Summary
? None required.
i
3
4
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KEYPUNCi1+ OF DATA ONTO CARDS

Problem Description

The summary data inputs as set forth on the form shown in Figure II.1 must
be keypunched for computer input. This is a straightforward step, but one
subject to human error. A verifying printout of the inputs by the computer prior
to actual computer analysis will provide a basis for careful edit of the inputs.

Analysis Procedure

1.  Keypunch each block as entered in Figure II.1
g onto card for use with computer.
2. Enter punched cards into computer.
Call for computer playback of input data is
automatically done by running the AMSEC program
% or the cost-spares model program. The form in
g which the inputs are summarized is the same as
that in Figure II.1.
4. Review computer summary of inputs vs. manual
summary. Make ahy necessary corrections in
keypunch.

Computer Programming Summary

: The computer subroutine which provides for a display printout of input data
is a part of the AMSEC program.
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SPECIFICATION OF DESIRED OUTPUT FORM(S)

Problem Description

In its normal operating mode, the AMSEC program will print out, for each
component, a time-sequence of RMAC and spares estimates for a period of v
missions. Aggregation of the component values is carried out to provide
system RMAC estimates.

A complete,illustrative AMSEC printout is shown in Appendix D for a simple
system problem as defined in that Appendix. The general form of this output is
displayed in Figure 11.2 which is excerpted from Appendix D.

The analyst may, depending upon his particular interest at the time, elect to
call up this entire output, or he may selectively call up only part of it. For
example, he may not be interested in the RMAC change over time, but only in the
steady-state values of RMAC toward which the system will approach with continued
use. Or he may only be interested in a single specific mission; or in the values
of RMAC, but not in the spares requirements. While the computer program traces
through the same analysis steps in each case, the actual data printout can be
controlled and in many cases limited to that information which is directly

1 pertinent.

Generally, the total AMSEC operation over all missions would be desirable for
problem solving prior to, or upon introduction of a new system on a component into
operational use. For fielded systems which have been in use for a long period of
time, the printout for a single value of v corresponding to that period of time
might be preferrable.

The specification of output format must thus be entered as an instruction
to the computer. This is handled by the use of Job Control Language (JCL) cards
(see Appendix C). :

Analysis Procedure

b

1. Define limitations on problem to be solved by
computer in terms of:
(a) Mission number(s) of interest
(b) Output variables (RMAC spares) to be suppressed

b &R Mt
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